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Human Reliability Analysis
Model Differences

Background

The MRC's Ofhce of Muclear Regubitory Research (RES) is
(ACRS) to address the November &, 20046, staff requirements
memorzndum {(SRM-MOG1020) in which the Commision
directed the ACRS to “work with the saff and other stakeholders
o evaluate different human reliability models in an effor: to
propose a single model for the agency to use or puidance on
which madel(s) should be used in specific ciroumstances.” RES
iz addressing this ismue through collabomtive work with EPRI
{Electric Power Research Instituee), initiated under the RES
memozndum of understznding with EPRI on PRA

Approach

-Ezaddmth:mﬂ!pm’u:tnpummgaﬁrmﬂmthi
appmach and 2 quantification tood capable of performing HRA
in a consistent and efficient manner. The formalization approach
zims to build a foundation for HRA that wees the current
mdemdingufhm.:n Fzrfnlm:nﬂe:nd.[:mn.ﬁ:hﬂﬂw{'ﬂ!
the averzll PRA framework from the pemspective of bath failuee
madeling and estimation of Gilure probabilities. This approach
introduces the crew response tree (CRT) conceps, which depicts
buman failure events in 2 manner parallel to the PFRA evens toee
process. CRTs provide a structure for identifying the context
assaciated with the human failure events under analys=is and wse
:hummh.ﬂ:rm:ﬁmprmtgmnddu:]:];ﬁncmtohﬁ.ﬁr
potentizl filwres.

b}rpmvidingﬂtﬂmnmpmiﬁnnsufhmmﬁﬂumﬁdlm
m.uﬂim'ms,mﬂﬁhmﬁm:ﬁnmh&:bup-ﬂmmd
bottom-up perspective. The bottom-up approach reflects
findings from scientific papers documenting theosies, models,
and datz of interest. The CRT struciure and associated

lower level models provide a roadmap for incorporating the
phenomena with which crews would be dealing, the plant
chamacteristics (e.g.. design, indications, procedures, training),
and the plant’s human performance capabilities (understanding,
decision, action). Th.:w‘m’k:.im.:bn:luurﬂu.mdpumﬁ:ﬂr
template-based puidance, for a consistent, efficient, and effeczive
analysis.

Futq_u:.n'l:i.ﬁn'l:inn. the E:rm:li:.:rim;pprmd'l nzex the I:_ﬂm:l
PRA conditiomal l:lrnh:.hﬂi‘l]r expressian, delineated to a bevel
adequate for associating the probahbility of 2 human Gilure
event with conditional probabilities of the amociated contexss,

faihure mechanisms, and undedying Gctors (e.g., performance-
shaping factors). This mathematical formulation can be used to
directly estimate HEPs using various data sources (e.g., expert
estimations, anchor values, simulator data, historical data) or can
b= modihed to interface with existing quantification approaches.
Howsever, the q_l.L:.n't[ﬁﬂ'I:inn .:Fl:ln:m:h ix =ill under u:Flnn'ti:n_

available for public review and comment by Movernber 200 1.

The NRC's costs represent anly a fraction of the actual costs

for bath the international empirical study and the collaborative
work with EPRI for addressing SRM-M0G1020 on HRA model
differences. Thn:l.lgh these collaborative efforts, the WRC is gl
able to take advantage of extensive domestic and international
PRA and HRA expertise from mecopnized academics and
practitioners.

For More Information
Contact Erasmia Lais, RES/DBA at 301-251-7573 or

Unitted States Nuclear Regulatory Commission 103



[mfm:-x-'ing Human
Re iabilir}’_ﬂlml}fsis Methods
bjf L-::ing Simulator Runs

Background

As part of its efforts to improve buman relishiliey anabysis
(HRA), the Office of Nuclear Regulatory Research (RES)
participases in and supports the [nternationa] HRA Empirical
Study to benchmark HRA models by comparing HRA results to
emypirical data generated through crew simulator runs. Although
the documentation of this study is not yer complete, its indings
indicate areas for improvemsent in HRA methods and practices.
But becanse the study is based on the results of simulator runs
using Enropean crews at the Halden Reactor Project (HRF)
simulator, the isme of the applicability of the study resalis to
LL3. nuclear power plant crews has been mised.

In itx February 2009 staff requirements memorandurm
(SEM-MOIM204B), the Commission directed the staff to work
with industry and international partners o test the performance
of U3, nuclear power plant operating crews and to keep the
Commission informed of the status of its HRA data and
benchmarking projects. RESs benchmarking work is responsive
o SRA-MODOZ04E.

The MRC exabliched a memorandom -ud"und:lm.ndin.g with

a L5, uslity that volunteered o paricipate in this study and
offered simulator Geilities, crews, and expertise o support the
-h.l'.gn:nﬂ m:uthnfﬂtupﬂ:imﬁnl:lrm Az g rexult, 2 new
study was initiased thas the HRP saff suppons with expertize

in the design and execution of simulator runs, as well as the
collection and interpretation of crew performance data.

The objective of this new study is 1o evaluate a specific =t of
HRA methods used in repulatory applications by comparing,
HRA predictions to crew pecformance in simulator experiments
performed at a ULS. nuclear power plant. The results will be
used to accomplish the following:
* Determine the potential limitations of data collected in non-
U5 simulators when used to evaluate ULS. applications.

= [mpmﬂtnuighudz'dupedﬁm the International HRA

Approach
The study approach consists of the following four steps

1. Experimental Design and Performance of
Simulated Scenarios

The experimental desipn is focused on collecting information
mhgrmdm“mmqunﬂ-[umﬂ:nds—ﬁ
Technique for Human Even Analysis (A\THEAMA), Standardied
Plant Analysis Risk—Human Reliability Analysis Method
(EPAR-H), Technique for Human Error Rate Prediction!
Accident Sequu::z Evaluation I‘.mgnm (THERP/ASEP), and
Came-Based Deecigion Tree (CBOT) in particular—through
analysis of crew pedformance in simulated nudear power plant
accident scenarios. It stipulates the collection of infermation to
]:-eu.md.hrHRA:.n:lrﬂ: to evaluzte the human filure events
(HFEs) involved in the scenarios and to estimate the human
ermor probabilities (HEPs).,

add remxex the |_:||.=.nt stz before H::init[:ﬁn.gmt, the
initiating event, and the associated plant design capabilities
and operational characteristics to deal with the event; including
HFE:mbem:lrm:l.E:rﬂd'l scenario and amociated sucoess
criteria; the identification of human performance metrics; the
development of crew performance collection protocols and
questionnaines to support documentation of oheerved crew
performance; and the development of an information package
containing basic probabilistic sk asesamen: (PRA) and HRA
information to be provided o the HRA teams.

The actual experiment consists of the running of the scenarios
and the collection and documentation of ohservations about
plant behavior and crew pecformance by experts (typically
plant trainers and PRATHRA experts). [n addition to live
oh=erations, crew P:ri:rm:muhumthﬂs are colbected
throuph videotapes and debricfings of boch the crows and the
plant experts who ohserved the runs,

The experimenters evaluate crew performance by analyzing

the informatien collected during the experiment according to
]:medeﬁnﬂ:ll:lmmnulsindperfmmmum:trin. Thi.-.']:nrtnfﬂ:l:
study is supported by the staff of the HRE

|04 Office of Nudear Regulatory Ressarch (RES)



2. Information Collection and Evaluation of HEPS
by HRA teams

Each HRA method is applied by two or three HRA teams
compased of NRC and contractor staff. The HRA teams visit
the plant to interview plant personnel, view simulator runs
(other than the study simulations), and collect relevant plant
information. O the basis of the information collected, the
teams use their selected HRA methods to perform predictive
analysis and to estimate HEPs for the HFEs involved in the
simulated scenarios, document the resules, and submit them for
review and evaluation.

One poal of the study is to understand the types of information
considered by HEA tmms in performing HRA analysis using a
given mexhod. Documenting this information provides insights
about differences and commonalities among HRA methods;

in particular, it helps ssaff o develop an understanding of how
methads {or anabysts) are using the collected informasion and of
how the different ways of using informarion affect consistency
among methods or analysts. Documenting information use als
allows comparizons with crew simulator performance to examine
fﬂn:wnpi:ﬂ&hnmhdngmﬂudbrth:tmsuﬁng
the different HRA methods.

3. Evaluation of the HRA submitials

and compares them to the okserved simulator data. These
experts perform method-to-method and HRA team-to-team
munp:u:imn.:mﬂe‘berm'uu if and how method differences and
analyst differences influence the HRA resabts. Their analysis
indudes both qualitative and quantitative comparisons.

Chulitative comparisons examine the extent to which HRA
m:lyﬂllﬁn.gﬂﬁ:mfhuﬂ;mahkmidﬂﬁfrh!ﬂﬁun
(much as misdiapnosis of equipment fileres or lack of adequate
precedural puidance for pedforming the required actions) thas
could influence the crew'’s capability to accomplish the requined
mctions. '|'.|1u:|ug]'| mch comparisons, l']'l:upu'l::id.m‘l:i.&

[T,'I method |.'|.|:|:|.|.1=1:||:||:|.-.'mﬂ1. regard to puiding analysts to identify
limitasions with regard to ensuring a consistent wse of the

Chantitative comparisons involve (1) the moking of the
estimated HEPs, (2) the ranking of the human actions in terms
nfrh:]ndnfdiﬂin:ltrﬂntumappurhuhmu?ﬂ[mmd
during the simulation, and (3} comparison of the resulting
ranking in (1} and (2). Thes comparisons allow the experis to
examine whether or not inconsistencies in ranking stem from the
following causes

* the extent e which the quantibeation tool can incorporate
throuph the qualitative analysis (£.g., the tool allows the us
of only a few pedformance shaping factoss in the estimation
of HEPs)

* the extent to which the quantifcation tool can provide a
consistent and traceable process to estimate HEPs

* the analysis" capability to comectly apply the toal.
4. Documentation of the Results

AMNUREG report will (1) document the results for each
mﬂ]udmduin:lﬁgthe Pﬂ'ﬁ:rm:.n:zd'nnmo&'ud:
methad and Pubznli:l mplnl:lnn: E:lrmguh'burr:pphl:nnus.
and (2} assess the consistency of the methods and identify how
practitioners can achieve better consistency in HRAL

RES expects this study o be completed by September 2011

For More Information
Contact Erasmia Lais, RES/DBA ax 301-251-7573 o
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Pilot Testing of Human
Reliability Analysis-Informed
Training and Job Aid for
NRC Staff Involved with
Medical Applications of
Byproduct | Aaterials

Background

[n 2003, the Office of Nuclear Material Safety and Safepuards
(MNM33) provided the Odffice of Nuclear Regulatory Research
(RES) with 2 user need for developing human reliabilicy
a]:!]:llia.l'.[nﬂs (MMM55-2003-003). In this memorandum, MM5S
requested two phases of work.  Both phases were complesed in
December 2008,

The Phaze 1 wadk consisted nffmsibilitr.tl.diufnr d:'ldnl:lin.g
MM55 capability in HRA. The feasibility study for maserials
applications addressed both medical and industrial applications.

The Phase 2 work focused on the recommendations from the

feasibility study, namely, the development of job aids (e.g.. HEA-
informed decisionmaking aids) and asociated training for NRC
staff on HRA-informed isues in human Perhm.n-nehmnii:l

The final products of the Phas 2 work; 2 protosype HRA-
informed job aid (i.e., 2 database of rick-relevant human
Pcrﬁ:mmczimrumﬂ hiztorical errors, related to treatment
(gremma-knife based), were presented to staff in the Office of
Federal and State Materials and Environmental Manapement
Proprams (FSME) and delivered to the NRC in December ZM0E.

Follow-up wodk to pilot the HRA-informed job 2id and trmining
materials began in spring 20010

Approach

The overall objective is to develop HRA-informed job aids
and smxociated training for MRC waff involved with medical
applications of byproduct materials. Although prototypes

of the HRA-informed job aid and trining materials have
Mdzdupd,mm“m}mrmmrhmmﬂsﬁu
.-.'Fﬂ:[ﬁt MNRC taxks {tg_, m.ipu:hmu,h:mu reviews) were not
developed. Consequ r, interaction with WRC saff from
the regions, as well as the continued involvement of saff at
MRC Headquarters iz required in this pilos testing phase of
development.

RES is currently making plans for pilot testing of both produces
at NRC Region L.

PFILOT TESTING TASKS

The following are the expected tasks for the pilot testing of the
* initial updates to0 HRA-informed trmining and job aid (with

respect o recent evenss and new gamma knife technology)

* initial interactions with MR Region [ staff
* onsite HEA-informed training
* onsite demonstration of HRA-informed job aid
* trial use of HRA-informed job aid
* feedback on trial us

* updates to HRA-informed job aid and associated training
{based on feedback)

By the end of calendar year 2010, the first two tasks should be
complete and preparations staned for Task 3.

For More Information
Contact Susmn Cooper, RES/DEA ar 301-251-7604 or

Susan. Coopergnrc.poy

|06 Office of Nudear Regulatory Reszarch (RES)



Qualitative Human
Reliability Analysis for
Spent Fuel Handling

Background

[n 2003, the Office of Nudear Material Safety and Safepuards
(NMS5) provided the Office of MNuclear Regulatory Research
(RES) with 2 user need for developing human reliability anakysis
[(MM55-2003-003). In this memorandum, NMSS requested
tmp]lmufwnrhﬂuﬁﬂnfﬂﬁdi[:mmplﬂn:l_

Phase | wodk consisted of feasibility studies for developing
MM5E capability in HRA. The feasbility study for waste
applications {performed by NRC staff) add ressed high-level
waste, spent fisel storage, fuel cpcle; and decommissioning
applications. This study identified the following needs for
potentizl NMBES-specific HRA development that were common
tor more than one waste application:

* development of HRA methods specific to NM33 needs
* guidance for evaluating the effectiveness of ad minisirative
controls
* guidance on pood practices for implementing HRA
* puidance for reviewing HRA=
* gmsistance in incident significance assesaments
Initial P'hase 2 work on this project began investigating

development of HRA methods specific to NMSS needs and
gu.id:nl::m En-nd. Fn.l:hl:ufnrl.mplmmling HEA.

Additionally, MMS5 and RES idensified new priorities, resulting

in project efforts focused on the development of HRA insights
for spent fuel handling. Such activities inchede imvestigation of

Approach

The first step in developing HEA capability for NMSS was to
develop a qualitative understanding of the important hurman
performance isaves for spent fuel handling that oeed to be
addressed by HRA

-E:ﬁj.:cuﬂ.ﬂiis]:lmju:t hump]etnith:fnﬂumng work:

* jdentification and review of literature rdevant to
understznding human performance in spent fuel handling

* interviews of subject-matter experes in spent fuel handling
* evaluation and use of relevant literature and interdews of
experts to perform qualitative HRA tasks for spent fuel

The result of this work was 2 July 2006 Sandia National
Labarataries (ML) letter report describing potential
vulnerabilities and posible senarios that could lead to misloads
and cask dmops.

Currently, the project is developing further HRA-informed

i.rl.:ig}ll:mn:.:kﬂmg:. |tisﬂp:miﬂ:.uﬂ1hnmkwﬂlgrmide
useful input to future NRC inspections and reviews.

The current schedule for deliverables for both efforts is the
following:

* drafi NUREGICR on initial efforts for misloads and sk
drops—September 2010

* draft NUREG/CR on recent expanded effons on cask
drops—September 2010

* preparation of both final NUREGINCRs—December 2010

Continued interactions between MM3SS and RES staff are
planned as these deliverables are completed.

For More Information
Contact Susmn Cooper, RES/DVRA at 301-231-7604 or

Suzan. Coopenginre.gov
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Human Performance for
Advanced Control Room
Design

Background

With the renewed ingerest in nuckear enerpy; there are plans to
The new peneration of plants will differ from the existing Beet
in several important ways, induding the design of the reactors,
the insrumentation and contrel (180}, and the human-system
interfzce (H3I). Figure 6.2 illustrates one concepeualization of
an advanced control room (CR) design. Taken mgether, these
technological advances will kead o concepts of operation that are
different from those found in currently operating nuclear power
plants. The potential benefits of the new technalogies should
result in more efhcient operations and mainterance. However,
if the technolopies are poady designed and implemented, there
errors, and I'I.IEEM}' impact human puﬁ:tmm—rmﬂﬁg

in a detrimental effect on safety. To address these concerns,
the NRC sponsored a study to idensify buman pedformance
research that may ke needed to support the review of licensee's
impmmhnfmmdlmlnmrmmmdadmmdmﬂm
pewer plants.

Approach

To identify the research isnees, cument industry trends and
&vdnpmmhm:ﬂu;ﬂihﬂtmufmtuﬂ:ndngﬁ
[&C technology, HEI integration technology, and luman
factors engineering (HFE) methods and tools. These four
research issues were then orpanized inte seren HFE topic
areass (1) mole of personned and swtomation, (1) safhng and
training, {3} normal operations management, (4) disturbance
and emergency management, (J) maintenance and change
mamapement, (&) plant design and construction, and () HFE
methods and wals. Mext, a panel of independent subject-mattes
Experts wpresenting various dln:lpl!nﬂ {Lg., HFE, 18} and
'hnd:gmumds {Lg_,rmdnn, ntilities, m::l.n:l'l.urg:lmutm.ﬂ
four catepories, with 20 research issues placed into the top
priogicy category.

MNUREG'CR-6%47, "Houman Fartors Considerations with

Respect to Emerping Technology in Mudear Power Plants,”
imued October 2008, documents the results of the study. The
research issues in each topic area, the pricrities for each isse,
and 2 human performance mtionale that describes the reason
why each research isue is relevant. The Andings from this study

are being used to develop a leng-term research plan addresing
buman performance within these technology ases for the

O the 20 research projects identified as having a priority ]
research need, four have been completed, fve are currentdy
underway, and an additional three projects are scheduled
to bepin this year. Diescriptions of the five projects that are
underway are provided below:

Figure 6.2 One mnephualization of an sdvanced control mom design

Advances In Human Factors Englneering Methods

and Tools

The methods and toals used to design, analyze, and evaluate the
HFE aspects of muckear power plants are mpidly changing. A
previous study identified the current trends in the use of HFE
methodologies and toaks, identified their applicability to nudear
power plant desipn and evaluation, and determined their mle
in safety reviews conducted by the NRC. The study identified
seven catepories of methods and tools for which additional
review puidance may be needed, induding (1) appliction of
human performance models, {2) use of virme] environments
and visualizations, (3) analysis of cognitive taskes, {4) rapid
development engineering, (3) integration of HFE methods and
tools, (B) computer-zided design, and () computer applications
]:unjﬂ:tbndmhubunﬂudz'dnpmtnfdﬂ:ﬂedg;ﬂm
for applying human performance models to the erluation of
nuclar power plant designs. The next phase of the sudy will
provide human fctors (HF) guidance for an additional two
methods and toal catepories.

Roles of Automation and Complexity In

Control Rooms

The overall level of antovmation in advanced nuclear power plants
i.:-upu:tud.hnl:zmu:h hjg}l:r'ﬂnmiu |_:|l:.|1.1: mmnﬂrnpﬂ:ﬂng
in the United Seates. It is important that the saff be cognizant
of current practices and trends in the use of antomation in
nuclar power plant CRs and understand the influences of
:m:ﬁmm':ﬂdﬁgn.hummperfnrmmmﬂmdmﬂ
operations. A previous study, "Human-System Interfaces (H31s)

[0  Office of Nudear Regulatory Reszarch (RES)



o Automatic Systems,” developed a peneral framewodk for
d'nn.l:tumn.g:uhum:‘hm:ptﬂn: and dz'm'lnpeﬂ HFE criteria
for evaluating automation desipns. The present study will further
the state af the art by examining the impact of automation on
CR design, specifically the impace of automation on (1) operatar
]:IErE:lrm.:.nl:: du:in.g normal, abnormal, znd EMETEnCY
operations; (2) the relizbilicy of operators use of automarion
systems, induding existing methods for assessing impacts; and
{3} operator performance when the antomation fils or isina
degraded =ate.

Human Factors Guldance for the Assessment of
Computerized Procedures

A]:ll:ll.ia.nl: for new and advanced reactor ﬂm'gn certifications
are propasing to incerporate comparter-based procedurne
capahilities as part of their main CR designs. The potential
forms of implementation can range from basic applications that
are limited o displaying static representations of procedures to
thiose that provide dynamic displays of procedures in conjunction
with relevant plant status and process data, context-dependent
decision aids, soft controls, and the capability to implement
challenpes and homan factors considerations increase with the
level of functionality of these applications; even the most basic
application mequires consideration of how it will be integrated
nirhodmdmmunfrh:':ﬂ.h.gn.hm H::implﬂnﬂrt:rim
and standards for conduct of opemsions, how the operators
will transition to backnp procedures upon loss of 2 computer-
hmdpmu&lms]ﬂm.wh:tﬂnpumiﬁﬂﬁﬂummhnf
the application will be, and how those filure modes will be
addressed to ensure that acceptable levels of human pedformance
will be maintained. This project will review applicable research
literature and operating experience and dﬂ:lnp: technical basis
bnmmfnrﬂ::dﬂnlnpmmtufrningukhﬂﬂutadd:m
the key imues asociated with the use of CR computerized
precedures.

Human Factors Aspects In Concepts of Operations for
Modular Deslgns

Advances in nuclear power plant technology have set the stage
for changes to traditional concepes of operations (CONOPS).
The COMNOPS of new reactor designs introduce sach sfety-
critical performance considerations as the opeation of multiple
o examine the human factors aspects amociated with the
maonitoring and control of multimodular Flanl::nﬂ s Frmiﬂe a
technical basis for evaluating the impacts of evolving CONOPS
on human performance. The regulatory documents for
reviewing modular designs will also be asessed to identify arcas
that need additicnal technical basis or puidance to facilitate the
staff review of COMOPS for modular rsn:mrdnnglu'..

Update Existing Human Factors Englnasring
Regulatory Guldance

The NRC szaff reviews the HFE aspects of nudear power planes
in accordance with the puidance presented in NUREG-0800,
*Standard Review Plan for the Review of Safety Analysis Reports
for Muclear Power Plants™ Dd:lln:ldalignmpmm:lm
for the HFE proprams of applicants for construction permis,
operating licenses, standard design cenifications, combined
operating licenses, and license amendments are provided in
MNUREG-0711, Revisian 2, "Human Factors Engineering
Propram Review Mode” As part of the review process, the
interfaces between plant personnel and plant systems and
components are evaluated for conformance with the guidance
comtained in MUJREG-0700, Revison 2, 'Hum:n—ﬁrnm
[nterface Diesign Review Guidelines” MUREGT1] and
NUREG-0700 were last updated in 2004 and 2002, respectively.
This study will update NUREGAT11 and MUREG-0700

with HFE criteria developed from the most recent and best
available technical bases. The awilability of up-to-date HFE
review puidance will help to ensure that the NRC saff has the
latest knowledpe, information, and tools to sfely and cfficently

perform its regulatory sks.

For More Information
Contact Stephen Fleger, RES/DRA at 301-251-7903 or

Seephen. Hlegeng@nc.pov
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Support For ﬂ
Ilnpﬁmmnmti@n of
10 CER Part 26
Fitness-for-Duty
Programs '

Background

To ensure the safery and security of nuclear facilities, the NRC
has developed repulations to standardize and ensure dfective
implementation of ftness-for-duty (FFD) programs thae apply
activities. For example, cenain personnel at commercial nuclear
pewer plants who have unescoried access to the plant’s protected
areas and those who transport stratepic special nuclear materials
must be subject to an FFD) program. The NERC requires FED
proprams o provide reasonable esmrance that nudear Geilisy
persannel are trustwaerthy and will perform their tasks ina
reliable manner.

In Title 10 of the Cods of Fediral Repulariznr (10 CFR) Pare 26,
*Fitnes for Duty Programs” the NRC describes the scientific
and technical requirements for FFD programs that sddres
:il]?] hgm:]:uhnl.:huz. m'm:.znfl.q:ldmg:, impairment
from fatigue, and any other mental or physical conditions that
could impair job performance. At the time thas 10 CFR Pare 26
was first published in the Federal Repinter (34 FR 24463;

Jume 7, 198D :.ndm'hmquﬂlﬂ.}; the Commimion directed

the NRC staff to continue to analyze FFD) programs, ases

the effectiveness and efficiency of the nule; and recommend

Sppropriate improvements or v.:]'l.:.n.gﬂ

Maost recently, the NRC, with extensive sakeholder input,
published an amended, morganized, and updated rude. The
amended 10 CFR Part 26 was published in the Faderat! Repister
an March 31, 2008, [ti:nu.'gp.n.iuﬂinmllmb]:nruﬂutgmup
together related requirements. The NRC permitted licensees
and other entities to defer implementation of the majority of
the rule’s requirements until March 31, 2009, and pranted

an additional & months to implement the rule’s new fbpoe
manapement requirerments.

Approach

The CHfice of Muclear Regulatory Research (RES) participates
in a multidisciplinary team of MRC staff that & supporting a

myriad of agency initiatives and efforts o Beilitate education
about the mle and its implementation.

Fatigue Regulatory Guide

RES worked dosely with other NRC staff and stakeholders to
publish guidance for implementing the Gtigue managemen:
requirements of 10 CER Part 26. Specific requirements for
nucler power plant licensees to manage worker Gtigoe ae

a new addition to 10 CFR Part 26. As puidance on the new
rubes, the NRC published Regulasory Guide (RG) 5.735,
*Fatigue Management for Muclear Power Plant Personne,” in
March 2009,

Training Development

various offices are coordinated and consistent, RES saff and

its contractors have developed training materials for inspectors
and other NRC staff imvolved in implementing 10 CFR Fart
supplemented with computer-based training specifically focnsed
on the ftigue management requirements.

FFD Web SHe Update

Transparency i an important WRC poal. Toward that end, the
MR siaff maintains a public Web ste to provide one location
for sakeholders to access information and submit questions
about the rule and any implementation concemns.  The Web
site includes the history of the 10 CFR Part 26 rulemaking,
frequently asked quessions about 10 CFR. Part 26 and its
implementation, FFD) program reports from licensees, and
related documents and resources.

Inspection Procedures

RES supports other MRC offices in developing inspection
procedures that are used to evaluste the effectivenes of FFD
proprams and to verify licensee compliance with the rules
requinrements.

Technical Basas for Alternate Specimens and Fatigue
Technologles

The science and technologies for assuring personnel fitness for
duty contine to advance. Consistent with the Commission's
direction to continue sssesing the effectivensess and efficiency of
FFD) programs, RES is identifying scientific and technological
advances that may enhance FFDY proprams.  For example,
lﬂl:FRI’:rtIEclmmrl,rﬂr.dmrh:u!nfurin:,hm

and smliva testing for drups and aloohol. However, new dmg
testing technologies are being developed that rely on alternate
specimens, including hair and sweae. New methods o
mmg:ﬁﬁ.gtuinﬂnm:kpl:.u;nd. bud:.nnl.ngiﬂ i:r::m:ing
fatigue and other possible types of impaimment are also of
technologies, as these tests have implications for effective job and

[10  oOffice of Nudear Regulatory Reszarch (RES)



Future Updates to 10 CFR Part 26

The Commision directed the WRC staff to initiate @

new 10 CFR Pare 26 rulemaking afier publication of the
March 31, 2008, amended and revised rule. The Commission
asked the NRC staff to review specific elemenzs of the rule
related to the technical basiz and to evahmte induding licensee
quality contral, quality verification, and quality ssurance
persanne] in the fripue provisions of 10 CFR Part 26. The
RES staff is continuing to provide its technical expertise o staff
enpaged in the new rulemaking.

For More lnformation
Contact Valerie Barnes, RES/TDRA at 301-251-7585 or
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Safety Culture
Background

The culture of an organiation affects the performance of the
people in it Weaknesses in an orpanizations safety culture may
set the stage for equipment failures and human errers that can
have an adverse impace on safe performance.

Goal of Safety Culture Activities

The initial goal of the NRC's 2006 safety culture initiative was
o enbance the Reactor Ohersight Process (ROF) to more fully
consider safety culture in the NRC's asessments of inspection
findings and overall nuclear power plant pedformance. More
recently; the Commisdon directed the NRC saff to (1) consider
the need for an agencywide safety colture policy statement

that would apply to all entities repulated by the NRC and

(2} recommend whether and how to better inteprate security
culture considerations inte the MRC's safety and securicy

oversight activities.

The Ohce of Muclear Regulatory Research (RES) is providing
technical expertise related to human and organizational
perfonmance to suppaert the agency'’s safety culture activities.
The RES siaff participates in the Safery Culture Wodking Groop,
the Safety Culture Policy Satement Task Force, and the Safery
Calture Policy Statement Steering Committee.

Industry Safety Culture Assessment Inktlative
Concurrent with the MR staff's activities, the nuclear

peeer industry; led by the Nodear Enerpy Institute (MEI), is
developing a standardized safety culture assesment methedology
and performance indicators. NEI has indicated that the
assessment methodology will be used by muclear power plan:
licensees for biennial sH-aswewments and, with modificarions,
o reply to NRC requests for independent or third-party safety
will be used to provide ongoing monitoring of sfety culture
trends. RES staff will assist the Offhice of Nodear Reactor
Regulaticn (NRR) in evaluating the industry’s new approach.

For More Information
Contact Valerie Barnes, RES/DRA at 301-251-7585 or
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Fire Human Reliability
Analysis Methods
Development

Background

The Individual Mlant Examination of External Events (IPEEE)
ngnm;ud.rh:u:l:eriﬂuﬁnm:cm:lﬁumi:undrhﬂ.
depending on design and operational conditions, fire can be
a spnificant or dominant contributor to nudear power plant
(NPT} ride. Human errors have been shown to be a sipnificant
contributor to overall plant dsk (inclading the risk from fires)
because of the significant role that operators play in the fire
protection strategy on reactor safety Figure 7.2 illustrates
operators in an NPP control room. Human relishility anabysis
(HRA) is the mwal usd to asses the implications of various
aspects of human pedformance on risk. Currently, the NRC
is expanding existing HRA methods to evaluate the impact of
burman filures in the fire protection defense-in-depth safety
stratepy.

[n 204M; the NRC amended its fire protection requiremments

o allow existing reactor licensees to voluntarily sdopt the
rizk-informed, Pﬂ'ﬁ:.rm:.nl:z—lnsﬁl rule, 100 CFR 50.4E(c).
This rule endorses Mational Fire Protection Association
(WEPA) Smndard 805, *Pedormance Based Standard for Fire
Protection for Light Water Reactor Electric Genemting Planes,”
as an alternative to the existing prescriptive fire protection
requirements. To realize the full benefits of making the
transitien o the dsk-informed, performance-based sandand,
plants will need to have a fire probabilistic risk assesment (FRA)
that includes quantitative HRA for post-fire mitigative human
actions modeled in a fire PRA.

The Electric Power Research Institute (EPFRI) and NRC's

Ohice of Nuclear Regulatory Besearch (RES) embarked ona
cooperative project to improve the state of the art in fire risk
assessment o support this new risk-informed environment in
fire protection. This project produced a consensus document,
MUREG/CR-6E50 (EPRI 1011989, "Fire PRA Methodalogy
for Nuclear Power Facilities,” rh:.t.:.ﬂﬂrmuﬁ.mﬁ.ﬁ:ﬁur:t-]:lmr
operatiens. This report provides hiph-level qualisative puidance
and quantitative screening puidance for conducting a i HRAL
However, this document does not provide o detailed quansitasive
methodalopy to develop best-estimate human error probabilities
(HEPs) for human failure events under fire-penerated conditions.

Objective

The overall abjective of the effort is to develop fire HRA methods
beyund what is carrently in NUREGACR-6E30 (EPRI 1011939

and develop an HRA methodolopy and approach siitable for use
ina fire PRAL

The fire HRA puidance developed through this effort is intended
to support planss making the tansdtion to 100 CFR 50.48(c),

as well as NRC reviewers evaluating the adequacy of submittals
from licensees making that transition. 1t may also be employed
as a peneral fire PRA tool for HRAL

Figura 7.2 Oparators in a MFF control moom

Approach

BES has worked collaboratively with EPRI to develop

a mﬂhndnl-ngr and asmciated E'Lud:noe for Pﬂ'ﬁ:m:.hg
quantitative HRAs for post-fice mitigative human actions
maodeled in 2 fire PRA. The MRC issued NUREG-1921

(EPEI 10191%6); "EPRINRC-RES Fire Human Reliability
Analysis Guidelines™ (see Figure 7.3); a5 a draft for public
comment in December 2006, Itprmidut}l.meappn:nd'lutn
quantification: screening, scoping, and detailed HRA. Screening
is based on the guidance in NUREGACR-6850 (EPRI 101 1969),
with some additional guidance for scenarios with long time
windows. Scoping is a new approach to quantification
developed specifically to support the iterative mature of fire FRA
quantification. Scoping is intended to provide les conservative
HEPs than screening but requires fewer resources than a detailed
HEA For detailed HRA quantification, the NRC has developed
guidance on how o apply existing methods to assess post-fine
HEPs.

The MRC plans to relesse MUREG-1921 (EPRI 1019196) asa
final report in spring 2011.

[16  oOffice of Nudear Regulatory Reszarch (RES)



Future Work

The WRLC has added a new HRA module to the MRC-RES/
EPRI Fire PRA Workshop to provide training on the use of this
methodolopy. The joint fire HRA methodology development
team is scheduled to deliver the fire HRA training at the 2010
warkshops, 2 well as as future iire PRA workshops.

IrRACIRIRa Pl L |
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Figura 7.3 HWUREG-1921 cover pags:

For More lnformation
Contact Kendra Hill, RES/TVREA ap 301-251-3300 or
Fendra. Hill@nre. gov
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The Organization for
Economic C ooperation
and Development
Halden Reactor Project

Background

The NRL and its predecessor, the 1.5, Asomic Energy
Commission {AEC), have been participating in the Organization
for Economic Cooperation and Development (OECLY) Mudear
Encrgy Agency (NEA) Halden Reactor Project (HRP) since

its incepticn in 1958, Dhuring this pesiod, the NRC has used
numermus research products from this intemationally funded
cooperative effort, which is lecated in Halden, Norway, and
manaped by the Norwegian [nstitute for Energy Technalogy
(Instimuet for Enerpiteknikk (IFE). For example, Halden tesss
on high-bumup fuel under loss-of-coalamt accident (LOCA)
conditions supported an MRC reseacch information letter an
cladding embrittlement. As another eample, Halden's human
factors research has supported regulatory guidance in areas sach
as alarm systems; hybrid control rooms, display navigation; and
guidance for the review of proposed staffing conbpumtions in
computer-based control rmoms.

Facllities and Activities

Fuels and Materlals Resaarch

The Halden Boiling-Water Reactar (HEWER) {see Figure
11]].w'hid1mmul|}rnpmbu:t ]ﬂmﬂﬂmcgnm,i:ﬁjﬂr
Mnmimimmnmiin—mrmﬁngufﬁ:dmdm
materials. Since it initial sartup, rJ:|:::E:||:I:-|:||.'ﬁu:ilil::pI haz been
]:mgl'mi\dr upd:m:l:.ud.i:rmnn:-ufr]'zmnn vermtile test
reactors in the world. The HRP fuels and materials program
focuses on the performance of fuel and sructural materials under
normal or accident conditions using the numerous experimentz]
channels in the core thar are capable of handling mamy test rigs
simultaneoudy

Recent MRC reviews of indusiry fud behavior codes have
directly employed data from the HRT fuels program. These data
are also exsential for up<dating the NRC's fuel codes and materials
properties library which are used to audit industry anabyses.
Currently, the NRC is particulardy interested in the previoudy
as axial gas flows maintaining or breaking fucl-to-cladding
bonding, fuel axial relecation, and el fragment spillage through
cladding burst opening.

Reparding the HRPs nuclear reactor materials testing

program; the HRI has, over the years, provided fundamensal
technical information to support the understanding of the

and supplemented results penerated wnder NRC research
proprams. Recently, the HRP has been an exsential partner
in evaluating the irmadiation-assisted g ress-cormaion cracking
(LASCC) of light-water reactor (LWR) materials. The HRP
has imadiated materials that were later tested under the NRCs
research program at Arponne Masional Laboratory to measure
crack initiation, fracture toughness, and crack prowth e
under representative [WR conditions. The HRI's onpoing
work on JASCC and other areas (e.g., imadiation-induced
stress relavation) supplements NRC-sponsored research and
addreszes existing knowledpe paps. The NRC staff i using this
information to inform reviews of licenses aging management
programs.

Man-Technology-Organization Laboratory

[FE: Halden Beiliey alm indhedes the [FE Man-Technolopy-
Labomtory (HAMMLAB) (zee Figure 12.7) is one of the
principal experimental Gcilities in this labomtony. HAMMLAB
uses 3 reconfigurable simolator control room that facilitates
research into instrumentation and control {[&C), human factors,
and buman relizbility anaby=iz (HRA). Carrently, HAMMLAB
s hardware and software enabling it to simulate the Femenbeim
presurized-water reactor (FWR) plant in France, the Foremark-3
boiling-water reacter (BWE) plant in Sweden, and the
Rinphals-3 PWR plant in Sweden.

Many of the HAMMLAB experiments are performed with the
control room :nn.ﬁ.gumd.:.:: prototype advanced control moom
nid:mint%nted m:ml]:n-:\e:nd.mtmlqrb:m T.l:.l':!d.'l.l]:l'u
system interfaces on operator performance. HAMMLAE has
extensive data collection capabilities and typically uses qualified
nucler power plant operators (who are familiar with the plants
being simulbated) as test subjects.

Rﬂuntl}ﬁHHP—dﬁi.gneﬂmﬂmnrhudHﬁ.MM[iﬂu?ﬂimmu
provided the foundation for the International Empirical HRA
Smudy, a multinational study aimed at developing an empirically
weaknesses of HRA methods used in risk-informed regulatory
applications. The MRC will be using the study’s results to
address outstanding HRA technical isaees, including dhose
related to HEA model differences identified in a Movember

&, 2006, staff requirements memoerandum (SREM). Cumendy,
engaing HRP experiments ane addresing 2 number of topics of
ingerest to the NRC, induding control room staffing strategies,
the role and effects of automation in advanced control mwom
designs, and aids to improve control room teamwork. The NRC
expects that this reserch will contribute to the technical basis fos
buman factors guidance, especially for new reactor designs.
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The IFE MTO Labamtory also indudes a virtual environment
center and an integrated operations laboratory. The former is
used to perform research invalving mixed reality applications
[LE., Lﬂ.i:l'Li.I:E}. and the latier i= uzed o add e mues amociated

with remaote operations.

Finally, the MTO Laboratory also conducts research on [8:C
systems. Past efforts include work in the area of instrumentation
surveillance and monitoring techniques based on advanced
decision alporithms. A number of HRP-developed systems have
been evaluated for use by U3, plants.

The current HRP digital systems research activities contribute to
three phases of a system lifecycle:

* Ek'rdnpmm:. asurance and d.c]:!]u:,m::m nl:_h.ig]:u inteprity
software important to nuclear power plant safery,

* Condition monitoring and maintenance support, whene
engineering and technical support teams are the intended
heneficiaries of the research results. This ressanch will
improve accuracy and usbility of corrent methods and
develop novel techniques to improve diagnostics and
condition-based maintenance.

* Development and application of software systems for
operatienal support, where plant operators are the intended
beneficiaries of the research. results. The research program
includes interaction of advanced control spstems with human
operators and ismes related to the implementation and use
of operational proceduses,

summary

The HEP has provided and continues to provide valuable
information to the NRC. Muoch of this information addresses
gaps that are atherwise not being addressed by currens NRC
research activities, and some of this information is foundational
o MRCs efforts to improve the technical b::isufkq.rmudds.
methods, and tools. Furthermore, becaue the MRC ix one of
several contributors to the HRP badget, the HRP enables the
MRC staff to significancly leverage its resources.

Figqurg 2.1 HEWR =t machor

--r-l-r

!-"1-

Figure 123 HAMBLAE control eom simeslator

For Mote Infotmation
Contact Alysia Bone, RES/DRA a 301-251-7602 o
Alysiz. Boneg@arc_gov
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